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1. Introductfan——

An obstacle for the understand~ng of valence-fluctuation

materials has been th~ absence of a suitable model to illustrate the

essential nature of the valence-fluctuation g?ound state We have

recently developed two closely related models which should 5erve to

fill this role [1, 2]. The basic program is to corstruct variational

ground states, and then to study how they respond to applied magnetic

fields. Physical features will be emphasized in this report, at tho

expense of mathematical detail.

for reasons Iiscussed elsowhrro [1, ?j, wu d(l’cCri’J(l t.lw Ploct ?%II:.

by means of thu Andnr~on Iat.t.icu Ilamiltonian,

!Mlcomlurt ion IS Im:t run:. ,Iru rq)rc:,rIIt d I)y

il LOI,1 I l)ill)flW idlh W. lh~’41 (’l(’(t.~’lll~c.ilt’1’

nrl~it.gill, with :,1111 ind[~x j dnd VIIPIYIV t.
1’

,,(1I II ] ni,llj, ,
Ii , .

,,1:’ II } (1 “11 - II I

II j .iI ji
“jl”p “

(:)

(1)
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Although these models appear quite similar, their magnetic responses

turn out to be strikingly different. l?edsonable values for the

N-*2 ~vkjexp(-ik-RJ)parameters are U = S - 8eV, W= 2eV, and V =
k

x 0.07eV, where N is the number of lattice sites. In practice we

take U + OD, so that the confiqurakions f2(for (f”, fl}) or f“(for

{f~, f2}) can be simply ignored. We dlso set the f-electron level

Lf equal to zero, thereby defining the origin fnr the energy scale.

. . .

2. V?. iational Ground States.— ——-—
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via the exclusion prinicple, namely, the fact that two sites :nnnot

simultaneously mak~ use of the same IUY Blo~h orbital. That

site j has made the (virtual) transition j~ + kt, th~r~ th~

transition j’t + k? Is momenta~ily forbidden for all of the

is, if

corresponding

other sitrs

j’ # j. It follows that the IIU or~ital occupation number can be

eviiluated as a sum of quasi-independent one-site contributions,

‘ko= ‘ ‘ko ‘ = j (lakJ12h)[l
where [ 1 - (N - l)IIh,/N] represents

- (N - l)nk[7/N]

the probability

from sorerot.hrr

0

that ko is

sit4 j’ # j.

(!))

(11)

’11” F (~ #~ i?
7 t ;’VktIk)(l - IIJ/I’ ,,(rkA: I ;W#k)/(ll I A;), (}{)
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Minimization of c H > leads to a quadratic expression for Ak.

Inserting the solution in (6), the conduction band occupation numbers

are found to resemble a finite-temperature Iermi distribution, with

half-width “kBT” of order V, where V is a mean value for the

d-f hybridization matrix elements Vk, The midpoint “cF” for this

distribution is fou~d to fall below the t-electron level cf by ~n amount

which vari?s as - 111(1- ~), where & is the fractional f] character of the

system, Throughout the valence-fluctuation regime (i.e., for [ifbet.weefl

the bottom and t~e midpoint 01 the conduction band) this shift is qu

small, of the order oi the “resonance width” I “ /Iv2/w.lhis shilt

becomes Iargp, howt!ver,whcll If liu!lalmvo the middle of i,hocondllct,”

t,,
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Our trial wavefunction for the {f”, f]~ model is

(9)

wh~ re, in the absence

expectation value ( H

of a magnetic field, au = Z and akj? = akj~” “e

> is again found to have the form (8), although the D

expression now differs from (7). Still using ~ to denote th. f-actional fl

character, tilemain difference in the ground state results is simply that

the roles of & and (1 - ~) are interchanged. Thi~ is illustrated in

rig, l(b), ba~ed 011the same parameters as Fig. l(iI).

3, Magnetic Susceptil~ility and Insulating Gii[!

Ihr rcsponso of tlw (1”, I‘I ground st.iitrto itnlagrwtic Iicld Cill) 1111

sllldil?(i t),y l’~~lilxillfl th[~ ill)OVP-mP:lt iufwd 5ymmutr\’ Pvst.rict.iofl:, ill T Ihl’
111’

;~l ;’ u,,
‘(II ‘ I‘“ Ih ‘ ‘“v’ ‘ {11))
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finite, because there must still be some weak coupling to the conduction

band; perturbation theory shows that asymptotically xOl~lD_13 .

A

to the

genera’

A more

may we’

’12 =

which

ctescr

Bk as

difficulty is encountered when we .~ttempt to apply this approach

{fl, f2) model, because there is no corresponding minor

‘Zation 0fv12
to describe the response to a magnetic field.

drastic alteration is required, and the reliability of the results

1 be sensitive to the choice adopted. We use the form

is suggested

bed in [1],

he d here is

the free parameters. Optimizing the /IkL1’Sas bcforr, w? nuw find

by the approximate theory of quasiparticle excitations

fixed by ulectron conse~vation, leavil~gAkt, Ak,, aI~~l
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the other hand, of course, Vk cannot be constant throughout the Brillouin

zone; in fact, there must be symmetry points where Vk vanishes. It is

therefore quite pos~ible for SmS and SmB6 to have qual~Latively ai’’erent

electronic properties, since these materi~ls have NaCl and CsC1-like

crystal structures, respectively. In view of the effect of these

crystal symmetries upon Vk[5], we conclude that the above insulating

gap A shculd be present in SmB6, but not in SmS. Recent spec’

data [6] for SmB6 now provides strong evidence for an insulat’

of order 70K (our estimate), This does not imply a vanishing

fic heat

ng gap

x at T = 0,

however, because the Sm2+(4f6, J = O) ion has a large Van Vlcck susceptibility;

the available data show impurity tails which seem to be obscuring a moderatu

dip below 40K. The strong low-temperature increase in resistivity is

cert?;nly consistent with an insulating Lap, but this rhould also be

assisted by the very small group velocities of carriers near thr gap

[1]. IL is therefore nut surprising that SmS (which has a very high

low-temperature electronic spwitic Il[al)h,i~a qualitilliv~lly ‘milar

(although quantitatively much weaker) low-t.~~m,l[~r,ltllrl’incr~,lco in

resist.ivity.
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Figure Captiorl

fig. 1. (a) If!, f2) mmkl: [,on Ielt.-handscale, ICI anf!J

on right-hand scale; (i]){f”,f’l]mudcl: ~;aridX/(~12W/V;’)on Irlt-hand

SCLII(’,1~1 orlright-hand sca~’,
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